rate 25-30 times higher in MATa cells than in MAT␣ (Wu and Haber, 1995) . MATa donor preference does not Rosenstiel Center and Department of Biology Brandeis University require the inactivation of HMR; in fact, when HML is deleted, MATa cells can efficiently recombine with HMR Waltham, Massachusetts so that essentially all cells repair the HO-induced double-strand break at MAT (Klar et al., 1982; Wu and Haber, 1995 tion of a-specific genes (Herschbach et al., 1994). Mat␣1, a positive activator of ␣-specific genes, does Introduction not appear to be required (Hicks and Herskowitz, 1977; Wu et al., 1996) . There does not seem to be any strong Donor preference during MAT switching in Saccharopreferential activation of HMR for recombination in myces cerevisiae appears to be enforced by complex MAT␣ cells; when one leu2 allele is inserted in place of alterations in the structure or location of large chromo-HMR, there is only a 2-fold difference in spontaneous somal regions. Mating-type switching is initiated by HO Leu ϩ recombinants between MAT␣ and MATa cells, endonuclease cleavage of the MAT locus and the recompared with the 25-fold difference seen at HML (Wu placement of MAT-Ya or Y␣ sequences with a copy of and Haber, 1995). opposite mating-type DNA that is copied from one of We have investigated further how MATa donor prefertwo donor loci, HML or HMR. HML and HMR are located, ence is achieved. We report that the activation of the respectively, 187 and 93 kb from MAT, near their respecdonor on the entire left arm of chromosome depends tive chromosome ends (Figure 1 ; reviewed by Strathern, on a less than or equal to 700 bp cis-acting orientation-1989; Haber, 1992). The two donors are maintained in independent DNA sequence that is both necessary and an altered chromatin structure that prevents both their sufficient. transcription and their cleavage by HO endonuclease but still allows these sequences to act as donors in recombining with MAT.
Introduction not appear to be required (Hicks and Herskowitz, 1977; Wu et al., 1996) . There does not seem to be any strong Donor preference during MAT switching in Saccharopreferential activation of HMR for recombination in myces cerevisiae appears to be enforced by complex MAT␣ cells; when one leu2 allele is inserted in place of alterations in the structure or location of large chromo-HMR, there is only a 2-fold difference in spontaneous somal regions. Mating-type switching is initiated by HO Leu ϩ recombinants between MAT␣ and MATa cells, endonuclease cleavage of the MAT locus and the recompared with the 25-fold difference seen at HML (Wu placement of MAT-Ya or Y␣ sequences with a copy of and Haber, 1995). opposite mating-type DNA that is copied from one of
We have investigated further how MATa donor prefertwo donor loci, HML or HMR. HML and HMR are located, ence is achieved. We report that the activation of the respectively, 187 and 93 kb from MAT, near their respecdonor on the entire left arm of chromosome depends tive chromosome ends (Figure 1 ; reviewed by Strathern, on a less than or equal to 700 bp cis-acting orientation-1989; Haber, 1992) . The two donors are maintained in independent DNA sequence that is both necessary and an altered chromatin structure that prevents both their sufficient. transcription and their cleavage by HO endonuclease but still allows these sequences to act as donors in recombining with MAT.
Results Donor preference depends on chromosome location rather than on any differences between HML or HMR Deletion Analysis of the Donor Activation Region Defines a Necessary DNA Sequence or their surrounding sequences or whether the donor carries a or ␣ information To assay the extent of donor preference in MATa cells, we measured the competition between a donor on the and Haber, 1995) . MATa cells recombine with HML 5-10 times more frequently than they interact with HMR. Conleft chromosome arm (either HML␣ or HMR␣) and HMR␣-B, situated on the right arm. Previous studies versely, MAT␣ cells recombine 80%-90% of the time with HMR (Klar et al., 1982) . Recently, we showed that have shown that HMR sequences located in the approximately 40 kb donor activation region behave identically MATa donor preference is not restricted to a single donor site. MATa cells activate a greater than or equal to to the HML sequences normally found there Wu and Haber, 1995) . HMR␣-B carries a single 40 kb region, including the preferred donor HML, so that a donor inserted at several places in this region is more base pair substitution that creates a BamHI site in Y␣, so that the proportion of MATa cells that switch to MAT␣ efficient in switching MATa than a donor inserted at any other location along chromosome III (Wu and Haber, or MAT␣-B can be determined by a Southern blot of DNA digested with HindIII and BamHI (Figure 2 ). The 1995). The activation of this region in MATa cells is not restricted to MAT switching. When HML is deleted and BamHI mutation is in the 700 bp Y␣ region that is not homologous to the 650 bp Ya sequences that are rereplaced by a leu2 allele, it will recombine with another leu2 allele, even located on another chromosome, at a placed during switching ( Figure 1) ; hence it does not HO endonuclease cleavage occurs close to the Ya-Z1 boundary of the MATa locus, leaving 4 bp 3Ј overhanging DNA ends in Z1, 3 and 7 bp distal to the Ya-Z1 junction (Kostriken et al., 1983) . The HO-induced double-strand break promotes the removal of the Ya sequences and their replacement by Y␣ sequences copied from one of two unexpressed donor loci, HML or HMR. HML lies 187 kb to the left of MATa, while HMR lies 93 kb to the right. Both of these sequences are maintained in an unexpressed state (suggested by hatched lines) that is also resistant to HO endonuclease cleavage through the interaction of silencer sequences (E and I) with a number of trans-acting proteins (Loo and Rine, 1994) . MAT␣ cells can switch to MATa by recombining with HMRa. However, either donor can contain Ya or Y␣ sequences without affecting donor preference.
affect the choice of donors. This is confirmed by the A second series of terminal deletions were constructed, introducing HML␣ and LEU2 sequences close fact that the results using HML␣ and HMR␣-B yield the same donor preference as that seen previously in pedito a new telomeric end (strains XW624 and XW660-662, Figure 3 ). The preferential use of HML␣ was retained gree analysis of MATa cells (Strathern and Herskowitz, 1979; Klar et al., 1982; Weiler and Broach, 1992) . The when 24 kb ( Figure 3B ) were deleted from the chromosome end but was lost when 31, 36, or 41 kb (Figures strains used in these experiments carry a galactoseinducible HO endonuclease gene, either stably inserted 3G, 3F, 3E, respectively) were deleted. This suggested that important donor activation sequences were located into ADE3 or carried on a centromeric plasmid, pFH800. Cells were induced for 1.5 hr before cells were further grown on glucose medium, where GAL::HO gene expression is repressed (see Experimental Procedures).
Previously, we showed that MATa donor preference was normal when the strain carried a 22 kb terminal deletion of the left arm of the chromosome and the donor was located at 41 kb ( Figure 3C ). To create larger deletions, we found it necessary to complement one or more essential genes located between kb22 and the HIS4 gene (at kb67). This was accomplished by constructing the centromeric TRP1 ARS1 plasmid pXW- Figure 3C ), but this trol strain XW641. Lane 2, a 2.5 kb deletion (from kb28.9 to kb31.4) removing the recombination enhancer (XW663). Lane 3, a 19 kb donor is used only 15% of the time when 67 kb are deletion from kb22 to kb41 covering the recombination enhancer deleted (strain XW625, Figure 3D ). It is important to note on chromosome III (XW664). This strain also carries, in trans, the that when HML␣ donor activation is lost, it is not used recombination enhancer on plasmid pXW261GR. Lane 4, strain equivalently with HMR␣-B; rather, it appears to be acXW664a, carrying the same 19 kb deletion, but this time created on tively discriminated against. This is similar to the way the large plasmid pXW261GR and therefore not on the chromosome HML is used in MAT␣ cells (Wu and Haber, 1995 between kb24 and kb31. It was possible, however, that To narrow down this recombination enhancer, we crethe loss of donor preference in these truncated chromoated two smaller deletions (see Experimental Procesomes did not simply result from the elimination of an dures), as illustrated in Figure 3 . Deletion of a 2.5 kb important activating sequence. Instead, the placement region located between kb28.904 and kb31.409 (strain of a telomere close to the donor might hyper-silence and XW663) eliminated donor preference ( Figure 3I ; Figure inactivate the donor for recombination, as suggested by 2, lane 2). This region contains an essential gene, and previous studies on the interaction between telomeres the TRP1 plasmid covering this region could not be and the silent donor loci (Thompson et al., 1994) . To eliminated. However, a 1.7 kb deletion (kb29.138-establish if there were an effect of telomere proximity, kb30.878; Figure 3J ) could lose the TRP1 plasmid and we examined an internal deletion, removing the region thus did not remove any essential genes. This part of the between kb22 and kb41, while HML␣ remained at its chromosome appears to lie between two open reading normal position (kb12; strain XW664, Figure 3H ). This frames. Interestingly, this interval contains two 31 bp internal deletion abolished donor preference (see Figure  sequences (at kb29.193 and kb30.580, Figure 4A ) that 2, lane 3).
share 100% identity with all of the identified essential The change in donor preference in strain XW664 also residues in the consensus DNA binding site for the established that the region deleted from the chromo-MAT␣2 homeodomain protein (Smith and Johnson, some is cis-acting, since this strain also carries a dupli-1994). cation of the chromosomal region between kb22 and kb67 on a centromeric plasmid that complements the Restoration of Donor Preference by Reintroduction deletion of one or more essential genes in this interval.
of Small Subfragments To rule out that the presence of a second copy of this
The importance of sequences within the 2.5 kb region region might alter donor preference, we also examined was assessed by isolating subfragments by polymerase a strain (XW664a) in which the 19 kb deletion from kb22 chain reaction (PCR) and inserting them back into the to kb41 was created in the plasmid XW261GR rather 2.5 kb deletion, as described in Experimental Procethan in the chromosome. As shown in Figure 2 , lane 4, dures and illustrated in Figure 4A . These results can MATa donor preference was normal. These data demonbe summarized as follows. Activation of HML␣ at kb12 strate that there is a cis-acting region necessary for the depends on sequences within a region of approximately efficient use of HML in MATa cells, located more than 10 kb centromere-proximal from HML.
700 bp (kb29.092-kb29.793). This sequence ( Figure 4B ), The use of HML␣ or an inserted HMR␣ locus at four sites on the left arm of chromosome was compared with HMR␣-B, both in a set of wildtype strains (Wu and Haber, 1995) and in isogenic derivatives from which a 1.7 kb region including the recombination enhancer was deleted.
inserted in either orientation, was sufficient to restore the recombination enhancer, the normal usage of donors to the left of MAT is as low in MATa cells as it is nearly complete MATa donor preference (strains XW686 and XW687). The introduction of segments as small as in MAT␣. 361 bp that overlap the 700 bp fragment show significant but reduced ability to activate the use of HML␣ well
The 700 bp Recombination Enhancer above the baseline of 10%-15% when there is no activaIs Sufficient for Donor Activation tion. A partially overlapping 465 bp fragment also is Although the 700 bp region is clearly needed for donor active, but the 228 bp segment common to the 361 and preference, there might be other elements along the left 465 bp regions is not sufficient to activate MATa donor arm of the chromosome that are also required. To test preference.
this idea, we asked if it was possible to activate the Taken together, these results argue that the preferenwrong donor, HMR␣-B at the opposite chromosome tial use of HML␣ in MATa cells depends on a 700 bp end, by inserting the cloned recombination enhancer orientation-independent cis-acting region, located apsequences nearby. As illustrated in Figure 6 , both the proximately 17 kb to the right of the donor. Significant 700 bp region and an overlapping 1.7 kb segment were donor activation is seen with subfragments of only 361 inserted, in both orientations, 7 kb proximal to HMR␣-B bp. The 700 bp (and 361 bp) region contains one of in a MATa strain carrying HML␣. The use of HML␣ or the two consensus Mat␣2 binding sites. This site might HMR␣-B was compared by Southern blot analysis, as serve to inactivate the cis-acting recombination enshown in Figure 6B . When MATa was induced to switch, hancer in MAT␣ cells.
the presence of the small region for the left chromosome arm was sufficient to increase the use of HMR␣-B from about 15% to about 50%. Given that HML is fully active The Recombination Enhancer Affects in this strain, this means that HMR competes equally Recombination Across the Entire with HML and thus has been fully activated for recombiLeft Arm of Chromosome III nation. Thus, the 700 bp region is sufficient to activate Deletion of the recombination enhancer had a profound a normally inactive donor in an entirely different chromoeffect on the usage of a donor at any site on the left somal environment. arm of chromosome III. This is illustrated in Figure 5 , where the donor HMR␣ was inserted at four locations to the left of MAT. When the recombination enhancer Deletion of the Recombination Enhancer Also Eliminates Mating-Type Activation was present, there was a rough gradient of usage of the left donor, from 90% at the normal HML location or at of Heteroallelic leu2 Recombination We had shown previously that a leu2-R allele, inserted kb41, to 45%-50% at kb67 and kb92, to 25% at kb133, 21 kb to the right of the centromere and 66 kb to the in place of HML and all of its surrounding silencing sequences, recombined with a leu2-K allele, located left of MATa. When an ADE1-marked 1.7 kb deletion of the recombination enhancer was introduced into these near MAT or even on another chromosome, 25-30-fold more frequently in MATa cells than in MAT␣ (Wu and strains, donor preference at all sites to the left of the centromere (at least to kb92) fell to approximately 10%.
Haber, 1995). We repeated this analysis in an isogenic strain deleted for the 1.7 kb region shown in XW667a The effect of the enhancer on a donor at kb133 was not tested. Thus, the presence of the recombination ( Figure 3J ). In a strain deleted for most of its leu2 gene, a 2.2 kb segment carrying the leu2-R allele was inserted enhancer is required for the normal level of recombination for at least the first 92 kb of chromosome III. A further in place of HML and a similar segment carrying leu2-K was integrated as part of a pBR322-URA3-(leu2-K)-MAT conclusion of this experiment is that in the absence of plasmid at the MAT locus (Wu et al., 1995) . Spontaneous
MATa and MAT␣ colonies ( Figure 7A , lanes 5-8), and all colonies have the low level of spontaneous LEU2 recombination between the two alleles will yield a Leu ϩ cell ( Figure 7B ). A diploid homozygous for all relevant recombination seen for the MAT␣ segregants when the activator region is present. Thus, the same 1.7 kb region markers was sporulated and dissected to produce four haploid spores, two with MATa and two with MAT␣ controls both MAT donor preference and the matingtype dependent difference in spontaneous heteroallelic ( Figure 7C ). The four segregants of one tetrad were patched on one line of a yeast complete media (yeast LEU2 recombination. extract-peptone-dextrose, or YEPD) plate and then replica-plated to medium lacking leucine. A control diploid, Discussion containing the activator region, shows a dramatic difference between MATa and MAT␣ segregants; the freWe have described the characterization of a small portable DNA element that is sufficient to activate a chromoquency of Leu ϩ spontaneous recombinants is much higher in MATa segregants ( Figure 7A, lanes 1-4) . In somal region to be unusually active in recombination in MATa cells but not in MAT␣. At its normal location, on contrast, in a strain deleted for 1.7 kb including the recombination enhancer, there is no difference among the left arm of chromosome III, it strongly enhances 
Spontaneous recombination between leu2-R(o), inserted in place of HML, and leu2-K(x) located between a duplication of MATa or MAT␣ genes (not shown) produces a Leu ϩ gene, illustrated in (B). When a diploid homozygous for hml⌬::(leu2-R) and heterozygous for MATa-(leu2-K)-MATa and MAT␣-(leu2-K)-MAT␣
is sporulated and dissected, four haploid segregants are produced, two of which carry MAT␣ and two of which carry MATa (C). If the four segregants of each tetrad are streaked on a YEPD plate and then replica-plated to a plate lacking leucine, the frequency of Leu ϩ recombinants can be assessed from the number of papillae that appear. When this is done for a strain carrying the recombination enhancer, the frequency of Leu ϩ recombinants is much greater in the two MATa segregants (A, lanes 1-4). For example, in lane 1, segregants B and D are MATa, while A and C are MAT␣. When the same experiment is carried out on a strain from which the 1.7 kb region covering the recombination enhancer has been deleted (A, lanes 5-8), the difference between MATa and MAT␣ segregants disappears, and all colonies have the low level of recombination seen for MAT␣ segregants when the recombination enhancer is present. The variation in pappilation in these segregants is that expected from the fluctuations of spontaneous recombination events, unrelated to mating type. recombination both for donor selection in mating-type Mat␣2 binding site (kb29.193), and there is another nearby Mat␣2 binding site 1.5 kb away (kb30.580). Neiswitching and for spontaneous heteroallelic recombination. The action of this enhancer at kb29 extends in both ther of these Mat␣2 sites is associated with an obvious open reading frame, whereas all other characterized directions, so that donors from kb12 to at least kb92 are activated above the low baseline seen when the Mat␣2 sites lie within 500 bp of the transcription start sites of a-specific genes such as STE6 (Smith et al., enhancer is deleted, or in MAT␣ cells.
We have narrowed down the active element to an 1994). orientation-independent cis-acting segment of approximately 700 bp, although overlapping subclones of only Relationship of the Yeast Chromosome 361 bp or 465 bp both partially activate HML in MATa Recombination Enhancer to Other Types cells. The 700 bp recombination enhancer is not only of Regional Control of Chromosome necessary; it is sufficient. When the enhancer was inStructure and Function serted 7 kb proximal to the wrong donor at the opposite The ability of a small DNA segment to affect various chromosome end, HMR␣-B, this donor competed chromosomal properties over long distances has been equally with an activated HML␣. We did not test the observed in mammalian cells, the most dramatic being activity of the enhancer near HMR in the absence of the the ability of the X chromosome inactivation center to normal recombination enhancer, because deletion of provoke inactivation of an entire X chromosome (Brown the normal enhancer near HML already shifts donor prefet al., 1991) . The locus control region in the human erence strongly in favor of HMR.
␤-globin gene cluster has been shown to act over 50 An inspection of the DNA sequence of the enhancer kb to activate both transcription and the initiation of region ( Figure 4B ) does not reveal any clue to its ability DNA replication (Aladjem et al., 1995; Kim et al., 1992) . to activate recombination. The most striking features Similarly, several transcriptional enhancers of the immuare two stretches of 4 bp repeats of (TTTA/G), one with noglobulin genes in both B and T cells also act as recom-10 iterations (in which there is a single bp variant) and binational enhancers (Capone et al. 1993) . We have suga second with 16 iterations (with 2 nonconsensus bp).
gested previously (Wu et al., 1996) that mating-type The second of these repeated runs is clearly not essendependent regulation of the left arm of yeast chromotial for activity, since the 361 bp insert lacks them. There some III may also share some mechanistic similarities are only three other places in the complete genome to dosage compensation in Drosophila (Bone et al., where there are runs of even five such repeats, and 1994) and Caenorhabditis (Chuang et al., 1994) . In none none of them is associated with other sequences in the of these cases is it yet clear how trans-acting gene recombination enhancer region (http://genome-www.
products interact with their cis-acting DNA target sites stanford.edu/Saccharomyces/).
to effect these profound changes over long chromo-A comparison of the sizes and locations of the sesomal distances. The powerful arsenal of molecular gequences that retain activity as recombinational ennetic techniques available in yeast should therefore prohancers suggests to us that there are several important vide an excellent model system for such control. sites in this region. Both a 361 bp region and a partially overlapping 465 bp fragment retain substantial enhancHow Might MATa Donor Preference ing activity; however, an insert containing only the 228
Be Accomplished? bp shared region is not active. This suggests that there There are two fundamentally important aspects of the are at least three important regions, at least two of which mating-type dependent regulation of recombination acmust be present to act as an enhancer. A site at the left tivity of the left arm of chromosome III. Foremost is the appears to be in the 361 bp fragment but not the 465 remarkable activation of the entire arm, in MATa cells, bp fragment, and another important site is on the right, by the recombination enhancer. However, the fact must found in the 465 bp region but not the 361 bp segment.
not be overlooked that this same large region becomes A third site, in the 228 bp overlapping portion, is inferred unusually "cold" for recombination in MAT␣ cells. Morefrom our preliminary experiments creating small internal over, MATa cells deleted for the recombination endeletions of the 361 bp fragment (our unpublished data).
hancer do not fall back to some intermediate level, where There is yet little evidence what trans-acting factors a donor might equally compete with HMR␣-B, but exhibit are required to activate the recombination enhancer. A the unusually low level recombination exhibited by deletion of the CHL1 gene has been shown to make MAT␣ cells. This suggests to us that there are two op-HML and HMR equal in competing for MATa switching posing forces that define MATa donor preference: a while not changing the strong preference for HMR in constitutive inactivation of donors on the left arm that MAT␣ cells (Weiler et al., 1995) . The effect of CHL1 is is evident in MAT␣ cells and MATa cells deleted for the not specific for the left arm of chromosome III, since enhancer and an activation of this same region through it affects mitotic chromosome stability for many yeast the action of the recombination enhancer. chromosomes (Haber, 1974; Liras et al., 1978; Spencer It is possible that the recombination enhancer propaet al., 1990) .
gates an alteration in chromatin structure that makes It is also not yet clear how this enhancer is inactivated DNA sequences more accessible for recombination. in MAT␣ cells. One possibility is that Mat␣2p represses Significant DNA structure-dependent changes affecting an a-specific gene product that binds to the recombinaboth nucleotide excision repair (Verhage et al., 1994) and tion enhancer site. Alternatively, Mat␣2p may bind di-HO endonuclease-induced recombination (Sugawara et rectly at the enhancer and prevent the binding of necesal., 1995) have been described in cases in which HML sary activating factors. As noted above, the central part of the 361 bp activator region contains a consensus or HMR are either silent or unsilenced. However, in the such as LEU2 or ADE1 (Wu and Haber, 1995 Schiestl and Geitz (1989) . The URA3, even though it showed a 30-fold activation for recombi-LEU2, orADE1-marked deletion of all transformants were confirmed nation in MATa cells (Wu and Haber, 1995) .
by Southern blot analysis.
Alternatively, the recombination enhancer may affect a higher order arrangement of chromatin. It could be a small DNA sequence can influence the properties of an entire chromosome arm.
Insertion of Recombination Enhancer Sequences on the Right Arm of Chromosome III Experimental Procedures
A 1 kb fragment corresponding to kb285.121-286.119 was PCRamplified with HindIII and EcoRI ends and subcloned into the HindIII Strains All strains were derived from DBY745 (MAT␣ ade1 ura3-52 leu2-and EcoRI sites of a pGEM3Zf(ϩ) vector. A 1.1 kb URA3 gene with BamHI ends was liberated from plasmid pHS113 (a gift of H. Sun 3,112). Strains used to monitor MATa donor preference carried HMR␣-B, containing a single base pair substitution that creates a and J. Szostak) and inserted into the BglII site of the fragment at kb285.708. Then, blunt-ended PCR-amplified fragments containing BamHI site (Wu and Haber, 1995; Wu et al., 1996) . These strains either carried HML␣ or else were deleted for HML␣ and carried either the recombination enhancer, of either 1.7 kb or 0.7 kb, were inserted into the SmaI site of the URA3 gene. The orientations of the inserts cloned HML␣ or HMR␣ genes inserted at a different chromosomal location, as described previously (Wu and Haber, 1995; Wu et al., were confirmed by PCR analysis with appropriate primers. The entire construct could be obtained as a linearized DNA fragment for trans-1996). In most of the strains used in these experiments, a galactoseinducible HO endonuclease gene was inserted at the ADE3 locus formation by cutting the final plasmid with HindIII and EcoRI. (Sandell and Zakian, 1993) ; in some experiments, the GAL::HO gene was carried on a TRP1-CEN4 pBR322 plasmid, pFH800 (Nickoloff Analysis of Donor Preference et al., 1989) or a similar pGAL-HO plasmid marked by URA3 (Jensen MATa cells carrying HMR␣-B and a donor on the left arm (HML␣ or and Herskowitz, 1984) .
HMR␣) were induced to switch mating type by adding 2% galactose The specific modified strains that were constructed are presented to cells grown in YEP-lactate medium, thus expressing a galactosein the figures accompanying this paper. Details of specific strain inducible HO gene (Wu and Haber, 1995; Wu et al., 1996) . After 1.5 constructions are available on request. Terminal truncations of the hr, cells were washed and either plated or grown for a longer period left end of chromosome III were created as previously described of time in YEPD. When individual colonies were assayed, 20-40 (Wu and Haber, 1995; Wu et al., 1996) , by transforming the strain with MAT␣ (or MAT␣-B) colonies resulting from switching were analyzed a linearized DNA fragment marked by LEU2 flanking a Tetrahymena either by Southern blots or by PCR amplification, as previously telomere organizing sequence (C 4A2)n on one end and a region of described (Wu and Haber, 1995; Wu et al., 1996) . MAT␣ and MAT␣-B DNA homologous to the deletion endpoint on the other.
can be distinguished by digesting the DNA or PCR products with Some of the interstitial and terminal deletions remove essential BamHI (see Figure 2) . genes from the left arm of chromosome III that lie between kb22
The proportion of cells switching to MAT␣ or MAT␣-B was also and HIS4 at kb67. To obtain these deletions, we found it necessary analyzed by examining the entire population of cells. Genomic DNA to complement them with a plasmid carrying this region. This was was isolated and digested with HindIII and BamHI and probed with accomplished by constructing the centromeric TRP1 ARS1 plasmid a Y␣-specific probe. The proportion of fragments corresponding to pXW261, which contains an appropriately oriented, approximately MAT␣ and MAT␣-B was then analyzed as previously described (Wu 500 bp segment from kb22 and a 1.3 kb segment of HIS4 (kb67), and Haber, 1995; Wu et al., 1996) . separated by a unique SalI site. pXW261 was linearized by cleaving with SalI, and with XcmI that cleaves in the HIS4 sequence, and Acknowledgments transformed into strain KS103. The cut plasmid was repaired by gap repair (Orr-Weaver et al., 1983) and thus "picked up" all of Correspondence should be addressed to J. E. H. We are grateful the DNA sequences between kb22 and kb67, resulting in plasmid to members of the Haber lab, Bernard Lopez, Ranjan Sen, and Laura pXW261GR.
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